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INSULATION PAPER AND STATOR OF
ROTARY ELECTRIC MACHINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of priornity of
Japanese Patent Application No. 2017-1954035, filed on Oct.

5, 2017, the content of which 1s incorporated herein by
reference.

TECHNICAL FIELD

The present mnvention relates to an 1msulation paper to be
provided on a stator of a rotary electric machine and a stator
of a rotary electric machine including the insulating paper.

BACKGROUND ART

As 1llustrated 1n FIG. 8, a stator 30 of a rotary electric
machine includes a stator core 31 and a coil 32. The stator
core 31 includes a plurality of teeth 33 arranged in a
circumierential direction (direction of an arrow C) thereof
which are projected inward 1n a radial direction (direction of
an arrow B) of the stator core 31. A slot 34 1s formed
between adjacent teeth 33. The coil 32 1s mserted 1nto the
slot 34. An 1sulation paper 35 1s provided between the coil
32 and a surface 34a defining the slot 34 in a state of being
folded to surround the coil 32 along an axial direction of the
rotary electric machine (see JP-A-2017-77095).

As 1llustrated 1n FIG. 9, the insulation paper 35 1s formed
with, on an intended folding line (imaginary line) L 1ndi-
cated by a dashed line, a crease 36 to make it easy to fold
the msulation paper 35 at a predetermined location so as to
surround the coil 32. The crease 36 1s formed from one end
to the other end of the msulation paper 35 on the intended
tolding line L such that the insulation paper 35 can be easily
folded.

As 1llustrated i FIG. 10, a crack K may easily occur on
a portion of the isulation paper 35 which 1s protruded from
an end surface 31a of the stator core 31 1n an axial direction
(direction of an arrow A) thereof. This 1s because a coil end
portion 32e of the coil 32, that 1s, a portion of the coil 32 on
an outer side of the stator core 31 1n the axial direction is
curved on an outer side of the end surface of the stator core
31, so that stress occurs at an end portion 35aq of the
insulation paper 35 which 1s in contact with the coil end
portion 32e. The crack K may occur on the nsulation paper
35 along the crease 36 with one end of the crease 36 1n the
axial direction as a starting point since stress 1s also applied
to a folding location of the end portion 35a where the crease
36 1s formed. There 1s a high possibility that the crack K
occurs when curvature of the coil end portion 32¢ on the
outer side of the end surface of the stator core 31 1s large, and
thus, the possibility that the crack K occurs tends to increase
due to mimaturization of the rotary electric machine.

SUMMARY

Accordingly, an object of the present mmvention 1s to
provide an insulation paper and a stator of a rotary electric
machine which are capable of suppressing occurrence of a
crack.

According to a first aspect of the present invention, there
1s provided an insulation paper (e.g., msulation papers 16,
16 A, 16B 1n embodiments to be described below) to be
disposed between a slot (e.g., a slot 15 1n the embodiments)
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2

formed 1n a stator core (e.g., a stator core 11 1n the embodi-
ments) and a coil (e.g., a coil 12 1n the embodiments)
inserted into the slot,

wherein a crease (e.g., a crease 17 1in the embodiments) 1s
provided 1n advance at a folding position where the 1nsula-
tion paper 1s to be folded when disposed 1n the slot, and

wherein the crease 1s provided 1n an area (e.g., an area 165
in the embodiments) of the msulation paper excluding both
end portions (e.g., both end portions 16a in the embodi-
ments) thereof.

According to a second aspect of the present invention, 1n
the 1nsulation paper of the first aspect,

an adhesive layer (e.g., an adhesive layer 19 in the
embodiments) 1s provided on at least one surface of the
insulation paper, and

the adhesive layer 1s provided in the area of the msulation
paper excluding the both end portions thereof.

According to a third aspect of the present invention, 1n the
insulation paper of the second aspect,

the crease extends to an outer side of the adhesive layer.

According to a fourth aspect of the present mvention,
there 1s provided a stator of a rotary electric machine (e.g.,
a stator 10 in the embodiments) including:

a stator core (e.g., a stator core 11 in the embodiments)
including a plurality of slots (e.g., slots 15 in the embodi-
ments) 1n a circumierential direction thereof;

a coil (e.g., a coil 12 1n the embodiments) nserted nto
each of the slots; and

an insulation paper (e.g., an insulation paper 16 in the
embodiments) of any one of the first to third aspects dis-
posed between each of the slots and the coil,

wherein the crease 1s provided only on an 1inner side of an
end surface of the stator core.

Eftects

According to the first aspect of the present invention, a
crease 1s formed at a folding position where the insulation
paper 1s to be folded when disposed 1n the slot. Therefore,
occurrence of a crack starting from the crease can be
suppressed even 1f stress acts on both end portions of the
insulation paper due to contact with the coil end portion.

According to the second aspect of the present invention,
it 1s possible to prevent a decrease 1n folding property of the
insulation paper due to the adhesive layer by the crease
provided on the adhesive layer.

According to the third aspect of the present invention,
since the crease extends to the outer side of the adhesive
layer, the folding property can be improved. Since the crease
1s not formed on the both end portions of the insulation
paper, occurrence of a crack starting from the crease can be
suppressed even 1f stress acts on the both end portions of the
insulation paper due to contact with the coil end portions.

According to the fourth aspect of the present invention,
the crease 1s formed at the folding position where the
insulation paper 1s to be folded when disposed 1n the slot,
and the crease 1s provided on an area other than both end
portions of the insulation paper and 1s provided only on an
inner side of an end surface of the stator core. Therefore,
occurrence of a crack starting from the crease can be
suppressed even 1f stress acts on the both end portions of the
insulation paper due to contact with the coil end portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a radial sectional view of a stator of a rotary
clectric machine according to a first embodiment.
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FIG. 2 1s a schematic view 1n which teeth arranged 1n a
circumierential direction of the stator according to the first
embodiment are expanded linearly.

FIG. 3 1s a plan view of an insulation paper according to
the first embodiment.

FIG. 4 1s a partial sectional view of the stator according
to the first embodiment.

FIG. 5 1s a plan view of an insulation paper according to
a second embodiment;

FIG. 6 1s a partial sectional view of a stator according to
the second embodiment.

FIG. 7 1s a plan view of an insulation paper according to
a third embodiment.

FIG. 8 1s a partial sectional view of a related-art stator.

FIG. 9 1s a plan view of a related-art insulation paper.

FIG. 10 1s a partial perspective view of the related-art
stator.

DETAILED DESCRIPTION OF EMBODIMENT

Embodiments of the present invention are described
below with reference to the drawings. It 1s assumed that the
drawings are seen 1n directions of reference numerals.

First Embodiment

FIG. 1 1s a radial sectional view of a stator of a rotary
clectric machine according to a first embodiment. A stator 10
in FIG. 1 1s combined with a rotor (not illustrated) to be
provided inside the stator 10 to constitute the rotary electric
machine. The rotary electric machine 1s configured such that
the rotor 1s rotated by energizing a coil 12 wound around
teeth 14 of the stator 10. The rotary electric machine may be
mounted on a vehicle as a drive source thereof.

The stator 10 includes a stator core 11 and the coil 12. The
stator core 11 1s configured by laminating a plurality of steel
plates. Fach of the steel plates 1s a plate-like member
including an annular stator yoke 13, a plurality of teeth 14
projected radially inward from the stator yoke 13 at equal
intervals, and slots 15 formed at equal 1ntervals 1n a circum-
ferential direction between adjacent teeth 14. The steel
plates are formed by punching an electromagnetic steel
plate. When laminating the plurality of steel plates, a plu-
rality of slots 15 penetrating 1n an axial direction are formed
in the stator core 11 at equal intervals 1n a circumierential
direction. The coil 12 of three phases (U-phase, V-phase, and
W-phase) wound around the plurality of teeth 14 by distrib-
uted winding are inserted into the slots 15.

FIG. 2 1s a schematic view 1n which teeth arranged 1n a
circumierential direction of the stator 10 according to the
first embodiment are expanded linearly. As illustrated 1n
FIG. 2, for example, two coils 12 having rectangular sec-
tions are disposed 1n the radial direction 1n each of the slots
15. The number of the coils 12 in the slots 15 may be set
appropriately. An isulation paper 16 1s disposed along an
axial direction of the rotary electric machine between the
coils 12 1n the slots 15 and a surface 15q defining the slots
15. The mnsulation paper 16 1s disposed to surround the two
coils 12 in the slot 15.

FIG. 3 1s a plan view 1n which the insulation paper 16 1s
uniolded. FIG. 4 1s a sectional view taken along a line IV-1V
in FIG. 2. An arrow S1 i FIG. 3 and an arrow S2 in FIG.
4 indicate the axial direction of the stator core 11. A direction
of the arrow S2 in FIG. 4 1n a state where the insulation
paper 16 1s disposed 1n the slots 135 coincides with a direction

of the arrow S1 i1n FIG. 3.
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As 1llustrated mm FIG. 3, the insulation paper 16 1s a
rectangular insulation paper. A dimension of a short side 16s
ol the insulation paper 16 (a dimension in the direction of the
arrow S1) 1s longer than a dimension of the stator core 11 1n
the axial direction, and a dimension of a long side 16/ of the
insulation paper 16 i1s suilicient to surround the coils 12
inserted into one slot 15. A crease 17, which makes 1t easy
to fold the msulation paper 16 in predetermined location so
as to surround the coil 12, 1s provided on the msulation paper
16 1n advance on each of four intended folding lines L which
are arranged 1n a direction of the long side 16/ and parallel
to the short side 16s. The four intended folding lines L are
imaginary lines extending in the axial direction at positions
corresponding to four corners formed on the insulation paper
16 when the 1nsulation paper 16 1s disposed in the slot 15 and
do not have to be actual lines on the insulation paper 16.
Meanwhile, the crease 17 1s provided at a folding position
where the 1nsulation paper 16 1s to be folded when disposed
in the slot 15. As illustrated in FIG. 3, the crease 17 1s
provided 1n an area 1656 of the imsulation paper excluding
both end portions 16a thereof 1n the direction of the arrow
S1. When the insulation paper 16 1s disposed 1n the slot 15
as 1llustrated in FIG. 4, the crease 17 1s preferably not
provided on a portion where the insulation paper 16 1s
protruded in the axial direction from both end surfaces 11a
of the stator core 11 and 1s preferably provided only on an
inner side from the end surfaces 11a of the stator core 11.

The crease 17 1s formed, for example, by applying
embossing processing in which one surface of the msulation
paper 16 1s locally dented and the other surface 1s protruded
at the same position thereof at the same time. Such emboss-
ing processing 1s applied, for example, by pressing the
insulation paper 16 firmly between a first roller including an
embossing processing surface having a crease-like convex
portion and a second roller pressed to the first roller. Further,
the crease 17 may also be formed by sandwiching, with
pressure, a location where the crease 17 1s to be formed 1n
a state where the insulation paper 16 1s folded at the intended
folding lines L.

In this manner, the crease 17 1s formed on the insulation
paper 16 of the first embodiment 1n a folding position where
the msulation paper 16 1s to be folded when disposed 1n the
slot 15. Accordingly, the 1msulation paper 16 can be easily
folded to surround the coils 12 1n the slot 15, and the folded
insulation paper 16 can be easily inserted into the slot 15.

As 1llustrated 1n FIG. 4, the both end portions 16a of the
insulation paper 16 provided to the stator core 11 are
protruded in the axial direction from the both end surfaces
11a of the stator core 11 respectively, so that the end portions
16a receive stress from coil end portions 12e of the coils 12.
In a related-art insulation paper 35 illustrated in FIGS. 8 to
10, a crack may occur along the crease 36 with one end of
the crease 36 (see FIG. 9) 1n the axial direction as a starting
point, which 1s provided on parts corresponding to the both
end portions 16a. However, since the crease 17 1s formed 1n
the area 165 of the msulation paper 16 of the first embodi-
ment excluding the both end portions 16a thereof, neither of
the end portions 16a of the insulation paper 16 does not
become a starting point, and a crack will not occur even it
the stress received from the coil end portions 12¢ acts on the
both end portions 16a. As described above, the insulation
paper 16 of the first embodiment can prevent occurrence of
a crack starting from the crease 17.

Second Embodiment

FIG. 5 1s a plan view in which an insulation paper 16 A
according to a second embodiment 1s unfolded. FIG. 6 1s a
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sectional view taken along a line 1n FIG. 2. In the following
description, elements common to those described in the first
embodiment are denoted by the same reference numerals or
corresponding reference numerals, and descriptions of these
clements are simplified or omitted.

As 1llustrated in FIG. 5, an adhesive layer 19 1s provided
on one surface 16p of the rectangular 1nsulation paper 16A
to be disposed between the coil 12 and the surface 154
defining the slot 15 while surrounding the coil 12. The
adhesive layer 19 1s formed, for example, by applying an
epoxy type foam resin material to the surface 16p. The
adhesive layer 19 1s adhered to the surface 15a defining the

slot 15 when the 1insulation paper 16 A 1s disposed in the slot
15 as illustrated in FIG. 6.

The adhesive layer 19 1s provided 1n a range of the area
165 excluding the both end portions 164 1n the first embodi-
ment 1n a direction of the short side 16s of the nsulation
paper 16A and 1s provided in an entire range 1n a direction
of the long side 16/ of the insulation paper 16A. In this
embodiment, the crease 17 1s formed on each of the four
intended folding lines L as in the first embodiment. The
crease 17 1s provided at the same length as the length of an
arca where the adhesive layer 19 1s provided 1n the direction
of the short side 16s.

In this manner, in the msulation paper 16A of the second
embodiment, folding property thereol may decrease since a
thickness of the area where the adhesive layer 19 1s provided
increases. However, the crease 17 1s provided at a folding
position where the insulation paper 16 A 1s to be folded when
disposed 1n the slot 15 1n the area where the adhesive layer
19 i1s provided, and thus, the insulation paper 16 A can be
casily folded to surround the coils 12 1n the slot 15. Further,
on the isulation paper 16 A of the second embodiment, since
the crease 17 1s formed in the area 165 excluding the both
end portions 16a, there 1s no starting point of a crack on
outer sides of the both end surfaces 11a of the stator core 11.
Therefore, a crack does not occur even 1f stress received
from coil end portions 12e acts on the both end portions 16a4.
As described above, the msulation paper 16 A of the second
embodiment can prevent occurrence of a crack starting from
the crease 17.

In the 1nsulation paper 16 A of the second embodiment, the
length of the area where the adhesive layer 19 1s provided 1s
equal to the length of the crease 17, and the adhesive layer
19 does not protrude from the slot 15 when the insulation
paper 16 A 1s provided to the stator core 11 as illustrated in
FIG. 6. Therefore, a possibility can be reduced that a part of
the adhesive layer 19 peels off and separated as a foreign
substance.

Third Embodiment

FIG. 7 1s a plan view 1n which an insulation paper 16B
according to a third embodiment 1s unfolded. In the follow-
ing description, elements common to those described 1n the
second embodiment are denoted by the same reference
numerals or corresponding reference numerals, and descrip-
tions of these elements are simplified or omaitted.

As 1llustrated in FIG. 7, the same adhesive layer 19 as 1n
the second embodiment 1s provided on the surface 16p of the
rectangular insulation paper 16B to be disposed between the
coils 12 and the surface 15a defining the slot 15 while
surrounding the coils 12. In this embodiment, a crease 17 1s
also formed on each of the four mtended folding lines L as
in the first embodiment or the second embodiment. The
crease 17 has a length larger than the length of the area
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where the adhesive layer 19 1s provided 1n the direction of
the short side 16s, and extends to an outer side of the area.

In this manner, 1n the msulation paper 16B of the third
embodiment, folding property thereof may decrease since
thickness of the area where the adhesive layer 19 1s provided
increases. However, the crease 17 1s provided at a folding
position where the msulation paper 16B 1s to be folded when
disposed 1n the slot 135 1n the area where the adhesive layer
19 1s provided, and thus, the msulation paper 168 can be
casily folded to surround the coils 12 1n the slot 15. Further,
since the crease 17 1s provided to extend to the outer side of
the area where the adhesive layer 19 1s provided, folding

property thereof can be improved compared with the second
embodiment. On the insulation paper 16B of the third
embodiment, since the crease 17 1s not formed at both ends
of the stator core 11 1n the axial direction, a crack does not
occur even 1f stress received from coil end portions 12¢ acts
on the both end portions 16a. In this manner, the imnsulation
paper 168 of the third embodiment can prevent occurrence
ol a crack starting from the crease 17.

The present invention 1s not limited to the above embodi-
ments, and various modifications, improvements, and the
like may be appropriately made. For example, although
rectangular msulation papers 16, 16 A, 16B are exemplified
in the above embodiments, the inventive concept of the
present mnvention may be eflectively applied to an nsulation
paper having other shapes. The crease 17 may be a continu-
ous line or a broken line. Further, 1in the above embodiments,
although 1t 1s exemplified that the crease 17 extends in
parallel to the short side 16s of the 1nsulation paper 16, the
crease 17 may extend along the long side 16/ of the
insulation paper 16 or may be inclined with respect to the
short side 16s or the long side 16/.

In the second and third embodiments, the adhesive layer
19 1s provided only on one surface 16p of insulation papers
16A, 16B, but the adhesive layer 19 may be provided on
both surfaces of the insulation papers 16A, 16B.

The mvention claimed 1s:
1. An 1nsulation paper to be disposed between a slot
formed 1n a stator core and a coil inserted into the slot,
wherein an adhesive layer 1s provided on at least one
surface of the msulation paper,

wherein a crease 1s provided in advance at a folding
position where the insulation paper 1s to be folded when
disposed 1n the slot,

wherein the crease 1s provided in an area of the msulation
paper excluding both end portions thereot,

wherein the adhesive layer i1s provided 1n the area of the
insulation paper excluding the both end portions
thereof,

wherein a total length of the adhesive layer, in an extend-
ing direction of the crease, 1s equal to a total length of
the crease, and

wherein the adhesive layer does not protrude from the
slot.

2. The msulation paper according to claim 1,

wherein the crease extends to an outer side of the adhesive
layer.

3. A stator of a rotary electric machine, the stator com-

prising:

a stator core mcluding a plurality of slots in a circumier-
ential direction thereof;

a coil inserted into each of the slots; and

an 1nsulation paper according to claim 1 disposed between
each of the slots and the coil,
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wherein the crease 1s provided only on an inner side of an
end surface of the stator core.
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